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EAT changes the qualities and appearances of matter In 
various ways. It is alfo a powerful agent in many of 
the operations which mankind employ to fit matter for their 
life; Although the ancients performed many of thefe opera* 
tions with a conliderable degree of accuracy, yet there are 
many which they were totally imacquainted with, and others 
they brought to little perfection. One principal caufe was 
their having no means of meafuring heat accurately. Van' 
Helmont was thefirft who found the mode of meafuring heat 
by expaniion. His meafure was an air thermometer, which is 
defcribed in his Diilertation, named '^ Aer'', cap. 12. Since his 
time, various improvements have been made on thermometers ; 
many are ftill wanted. This inftrument is, however, the 
foundation of modern difcoveries on this fubjeO". The an- 
cients were acquainted with the manner of heating bodies by 
communication, by friftion, by burning fuel, by the fun, by 
fermentation, and the taking place of chemical combinations 
in other cafes. Boyle found, that melting a foiid body pro- 
duced cold (Experimental Hiftory of Cold^ title I. chap: 18.) : 
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Dr. CuLLE'^ij that cold was alfo produced by converting bodies 
into vaponr. It has been fince that time found, that the oppo- 
fite condenfatioos, vk. of vapours in to : in id s^. or fluids into folids^ 
generate 'heat. Cramer was the firft^who-^took- notice of the 
difFerent condiiaiiig powers of different bodies, in- his *■* Ars 
"'Doci£Bafiica/''P« 1. § 274. Scholium* 

The power of animal bodies, of refifting the cold of the 
medium they are in, has been long known* . Mr. Ellis- took 
notice of their being alfo able to refill the heat. Dr. Culleh 
afcribed this power to a peculiar quality in animals di^erent 
from the powers of inanimate matter. ' You,' Sir^^ faw a^. con* 
firmation of this |)0wer being very great when we kept a dog 
of no large fize (he might weigh, as far as I can recolleft, about 
twenty-five pounds^ not more) in air heated to 160 degrees 
of Fahrenheit's thermometer for half an hour. We took 
him out with only the addition of a few degrees of heat j not 
from any uneafinefs of the animal | but from being fatisfied 
with the experiment. This power has been fliewn by Mr* 
HuNTEii to extend to vegetables^ The degree of beat one body 
is capable of impregnating another with, was hardly touched 
upon by any author before Dr. Cra WFORn^ w^ho has done a 
great deal in this branchy md is ftill purfuing it. 

The fubje£t of the prefent enquiry is different from all thefe» 
The propofition is, fuppofing we can make an application to a 
cold body? fo as to produce heat in it, and this application be made 
with the fame force to the fame body, whether by this means an 
equal <|uantity of heat will always be produced in an equal 
quantity of matter I That is, for inftance, whether an equal 
quantity of the rays of the fun being thrown on an equal fur- 
face of the fame matter, fo that they fhali be equally loft^ 
bent, or reie6:ed^ an equal mafs of matter below fiiall be 
Vai..LXXVIL ' Zz 'equally 
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equally heated according to its capacity ; whether equal vi- 
brations excited fhall always produce the fanae quantity of 
heat ', whether a chemical attraction taking place between au 
equal quantity of two fubftances fhall always produce an equal 
quantity of heat ? 

The importance of this enquiry is fufficiently evident, fince 
if the fame quantity of fuel being burnt the fame quantity of 
lieat be always produced, our whole attention will be to take 
care that no part of the heat fhall be lofl ; but if burning the 
fuel under one fet of circumftances will aftually produce a 
greater quantity of heat than burning it in other circumflances ; 
or if burning it, will produce a great heat in one place, which 
cmwiot be carried to another place, but will be again anni- 
hilated, a very different attention muft be paid. I was firfl led 
into this train of thinking by obferving reverberatory furnaces. 
Formerly 1 had no doubt but that it was obvious, that the fame 
quantity of fuel burnt would produce the fame quantity of heat ; 
but having occafion to try fome experiments in reverberatory 
furnaces, where great heat and cleannefs were required, I 
tried to heat the furnace with charcoal and coak, or pit-coal 
charred, that is, burnt till no fmoak arifes, but could never 
produce the heat required, although I could do it eafily with 
coal. I infulated my furnace, fo that after twenty- four hours 
ftrongefl: fire, it did not feel in the leafl warm on the outfide. I 
heightened the chimney j but all to no effeft •. in the fire-place 
the heat was fufficieiit to rnelt malleable iron, but in the labo- 
latory, in the horizontal part of the chimney, the heat was. 
trifling. Since that time I have made various experiments tc^ 
afcertain the propofition laid down. The fbllowiiig one, which 
has been varied and repeated with the fame refult, may, per- 
h^s^ draw the atte;nii0ii of chemifls to thia point. 
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I formed a cylinder of thin pifteboard, fiic Imchel diameter 
and fixteen iiicbes loag. The infide I Hoed with rabbi|: Ikin, 
laying the fur fmooth ; a thin ring of pafteboard wm placed 
in the middle* One end was clofed with a bottom of tlie 
fame pafteboard; the other was open. This cylinder was 
placed in the center of another wider cylinder, alfo of pafte* 
board, which had likewife a bottom of pafteboard* It was fo 
placed, as that the oiiter cylinder was diftaat from the inner 
one inch and a halfi at the bottom and fides the Ipace between 
was filled with Eider down, fnffered to rife to as great a buUc 
as It would from its own elafticity • The two cylinders were 
e?en at top^ and the fpace between them fhnt by a cover of 
ptisboard. In the fide of the machine, a little below the 
middle of the inner cylinder, a pafteboard tube was made to 
pafs through the outer and open into the inner, half an inch 
wide, for the infertiom of a thermometer^ A fimilar tube was 
placed a little from the middle, towards the other end of the 
fmalleft cylinder. A circular plate, of pafteboard, fix inches 
diameter, aad about one-eighth thick, weighing i oz. 10:1 grs» 
was puftied down the inner cylinder, until it was ftopped by 
the ring. A circle of flint glafs, ground flat and parallel oa 
both fides, was fixed over the mouth of the inner Cylinder fo 
as not to obftruft any part of it. 

A fimilar apparatus, as exa£l:ly as poflible, was formed, ei- 
cepting that the circular plate in the middle of the inner cylin- 
der was iron, of the fame dimenfions with the pafteboard one, 
and weighing 1 2 02. 62 grs* Thefe apparatus's were fet in t 
warm expofure for feveral months, to dry. 

The circular plates, which were deftined to receive the dire8f 
rays of the fun, were placed as nearly perpendiculaT to the 
inner cyEmder as foffible. They were both covered with a 
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bkqk painty fofficlent to prevent the rays of the fun from 
penetrating either to -the iron or pafteboard. 

On the 28th day of July? 17863 the fun fhining on a room 
facing about S.W. the air not cloudyj but not very bright ; 
the air in the room 71®; at a quarter after twelve, thermo- 
meters being pafled through the tubes below the plates of iron 
and pafteboard, after ftanding a quarter of an hour, {hewed 
the heat 6f in both apparatus's. Both were nowexpofed to the 
fun, £0 that the rays fell perpendicular on the paint covering 
the plates, in equal quantity on each as nearly as poffible. If 
there was any difference, rather more were thrown on the 
pafteboard diaphragm* In five minutes the thermometer be- 
low the paflcboard diaphragm fhewed 72 degrees; the ther- 
mometer under the iron had hardly rifen half a degree. 

Progrefs of the rifing tf tke therMometirs. 
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* M this time thermoTnetets were put through tubes into the chambers of th# 
tpparatusi between the glaffes and diaphragms. The apparatus with the iron 

diaphrpgna laifed this thermometer to lai^i that with.lhe pafteboard to 120^, 
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The apparatus with the pafteboard diaphragm was expofed 
flill to the fun ; that with the iron was removed^ and fufFered 
to cool till its thermometer ftiewed 107''; it was then expofed 
again to the fun till it had acquired the heat of no'', to which 
degree the apparatus with the pafteboard hardly reached. The 
windows were now fhut. The heat of the room had arifen to 
So''. Both the apparatus's were placed on a table ; the doors were 
ihut, fo that there was no current of air* 

Pafteboard apparatus, after 30 minutes* Iron apparatus* 

96 104 

After 75 minutes, or r h. 45^ from the beginning. 
83 89 

After 2 h, or 3 h. 45^ from removal from the funw 
j% room- 75, 'So-- 

A fimilar refult arofe when thet-e were no glaffes to exclude 
the external air. Likewife when the diaphragms were changed: 
from one apparatus to the other. 

If any one wifhes to repeat thefe experiments^ he muft take 
care that the fize of both apparatus's be the fame ; the weight 
the fame^ excepting the difference of the iron and pafteboard; 
that they be equally ftuffed, and perfe£tly dry : for if there be 
the leaft molfture,^, the evaporation will not only make a fallacy 
in the experiment, but it will foon obfcure the glaffes, fo as to 
prevent the rays of the fun from pafling through them. 

The firft thing to be noted in this experiment Is, that the 
fays of the fun a£led on the fame black paint only : for it was. 
fo thick, that the rays could not penetrate to the iron or pafte-- 
board below. The colour was the fame, and there was the 
fameglofs; if any thing, that on the iron, in the experiment 
iielated,, was rather more gloHy^ in order that it might not be 

favoured^. 
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favoured, as in former experiments the refiilts had been in favour 
of the iron apparatus acquiring the greateft heat. Every thing, 
therefore, was the fame, except that the iron and pafteboard 
were of different weights, of different capacities of heat, and 
of different degrees of readinefs to acquire heat, and commu- 
nicate it* V 

It is evident, that a greater quantity of heat was adually 
produced in the apparatus with the iron diaphragm : for al- 
though in the firfl: two or three minutes the pafleboard became 
hotter than the iron, yet as foon as the iron began to be fenfi- 
bly heated, it became hot fafier than the pafteboard, and 
adually became hotter, and even continued to do fo, when the 
pafteboard no longer could produce more heat than was diffi- 
pated from the furface of the apparatus into the air. When 
they were fet in an air equally cold the apparatus with the iron 
diaphragm was longer in cooling, althougli they were both of 
the fame degree of heat when fet by. 

This greater quantity of heat I afcribe to the iron's taking 
the heat from the black paint fafter than the pafteboard, as 
being a better condudor. Juft as if a plate of glafs was placed 
on a plate of fteel, and another, perfedly fimiiar, was placed 
on a plate of clay, and both were placed equally among equal 
vibrating bodies. In this cafe it is clear, that much greater 
vibration would take place if the fame means of exciting it 
were applied to that plate of glafs attached to the plate of fteei 
than if they were applied to that attached to the clay. I do 
not mean to fay, that heat is vibration ; but merely to illuftrate 
ixiy idea of heat's being only a quality, and not a fubftance. I 
am led to this not only by this experiment now rekted, but by 
various other confiderations, which I fhall not now infift upon, 
as they are not lufficiently fiaiflied^o be laid before this Society. 

I fhall 
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I fliall only add that, among other things which may be 
illuftrated by it, one is, that all the planets may poffibly be of 
the fame heat ; lince, if the matter of which Mercury confifts 
was averfe to the generation of heat in proportion to the greater 
number of the rays of the fun it receives more than the 
Georgium Sidus, they would be both of the fame heat, not- 
withftanding their different diftances from the fun. 

I have already faid, that I was led to an enquiry into the 
fubjed by the efFe£t it has on chemical operations. 



I remain, &Ca 



a FORDYCE. 




